The Drosophila pair-rule gene odd-skipped (odd) and two related genes, sister of odd (sob) and bowel (bowl), encode zinc ®nger containing proteins, two of which play important roles in embryonic development probably functioning as transcription factors. Here we report the cloning and expression analysis of a mouse gene related to odd, odd-skipped related 1 (Osr1). During early embryogenesis Osr1 is expressed in the intermediate mesoderm and in a dynamic pattern during limb and branchial arch development. q
Results
The Drosophila pair-rule gene odd-skipped (odd) (Nusslein-Volhard and Wieschaus, 1980; Coulter and Wieschaus, 1988 ) encodes a putative transcription factor that regulates the expression of several genes required for correct segment formation in the developing embryo (Coulter et al., 1990; Manoukian and Krause, 1992; Manoukian and Krause, 1993; Mullen and DiNardo, 1995; Drean et al., 1998) . Here we report the cloning and expression analysis of an odd-skipped related gene, Osr1. Osr1 was isolated from a 10.5 days post-coitum (dpc) mouse embryo cDNA library (see Section 2). The putative Osr1 open reading frame (Fig.  1A ) encodes a protein of 266 amino acids containing three C 2 H 2 zinc ®nger domains which show high sequence similarity to those found in Drosophila proteins ODD (Coulter et al., 1990) , BOWL and SOB (Hart et al., 1996) and in a protein encoded by a Caenorhabditis elegans clone, B0280.4 (Wilson et al., 1994) (Fig. 1B) . Southern analyses using a probe lacking the zinc ®nger domains indicated that Osr1 is a single copy gene and Northern analysis using 11.5 dpc mouse total RNA identi®ed a single Osr1 transcript of approximately 3.7 kb (data not shown).
Osr1 was mapped genetically by screening DNA samples from the European Collaborative Interspeci®c Backcross (EUCIB) (European Backcross Collaborative Group, 1994) using a PCR based assay (see Section 2). Haplotypes of 66 mice were analysed and showed Osr1 to be signi®-cantly linked to the anchor marker D12Mit37 (0/45 recombinants) placing Osr1 near the centromeric end of chromosome 12.
Transcription of Osr1 in the developing mouse embryo was highly dynamic. Whole-mount in situ hybridization was performed using RNA probes generated from the zinc ®nger domain or the 5 H untranslated region, both of which gave identical results (see Section 2). At 8.5 dpc (the start of neurulation), Osr1 transcripts were detected in a U-shaped domain ( Fig. 2A ) in the intermediate mesoderm on either side of the neural plate (Fig. 2B) , extending from the prospective anterior spinal cord to the tail end of the embryo. Transcripts were still localized to this domain at 9.5 dpc (Fig. 2C,D ), but at a lower level. In addition, the anterior limit of the expression domain has shifted posteriorly into the caudal half of the embryonic trunk and diffuse Osr1 expression was detected in the anterior embryonic trunk (Fig. 2C) . By 10.5 dpc, Osr1 expression was detected in branchial arches 1 (BA1) and 2 (BA2), in fore-and hindlimb buds and in the trunk (Fig. 2E ). In BA1, transcripts were restricted to the more distal mesenchymal and ectodermal layers (Fig. 2F) . A domain of Osr1 expression was observed in the forebrain (Fig. 2F ). In the limb buds, expression was localized in the mesenchyme underlying the ectoderm (Fig. 2G,H) . By 11.5 dpc, the branchial arch expression has expanded to all three arches (Fig. 2I,J) , while the limb bud domain has shifted anteriorly with new expression in the regions surrounding the proximal limb (Fig. 2K) . Expression in the trunk was restricted to the lateral mesenchymal layer (Fig. 2L) . By 12.5 dpc (Fig. 2M) , Osr1 was expressed in the interdigital regions of both limb buds and in the proximal limb (Fig. 2N,O) . New domains of expression were detected in super®cial regions of the prospective mouth and nasal pits (Fig. 2M ) and ventral trunk expression was substantially down regulated.
These results raise the possibility that Osr1, which is likely to be a transcription factor, plays signi®cant roles in the early development of several tissues.
Materials and methods

Isolation of Osr1
A l ZAP cDNA library (Stratagene) made from 10.5 dpc Sequence alignment of the three OSR1 zinc ®nger domains to the corresponding zinc ®nger domains in Drosophila ODD, BOWL, SOB and the protein encoded in the Caenorhabditis elegans clone B0280.4. The highest homology was to Drosophila BOWL. Consensus zinc ®nger residues are highlighted. mouse embryonic mRNA was probed with a radio-labelled probe generated from an EST (IMAGE 10 #AA175 139; Lennon et al., 1996) that showed sequence similarity to the Drosophila odd-skipped cDNA, using standard procedures. Plasmids were excised from the lambda phage according to manufacturer's instructions (Stratagene). One full-length clone was sequenced on both strands using the ABI Prism TM Editview DNA Sequence Viewer version 1.0 package, and four other clones were partially sequenced with identical results. Sequence analyses were performed using the Genetics Computer Group (GCG) package (University of Wisconsin).
Genetic mapping of Osr1
The European Collaborative Interspeci®c Backcross (EUCIB) (European Backcross Collaborative Group, 1994) was used to map Osr1 in the mouse genome. The segregation of the C57BL6 and M. spretus (variants) was followed by analysis of PCR products generated from 66 backcross DNA samples using Osr1 speci®c primers GGCGGTACTCAACTCACACG and AGTAATACT-TCTGTGAGAGGC which¯ank a CA repeat in the 3 H untranslated region of the cDNA. Ampli®cation was achieved using 30 cycles of 30 s at 948C, 30 s at 518C and 30 s at 728C. Samples were electrophoresed on 4% Metaphor agarose (FMC products) gels. A product of 180 bp was obtained using CS7BL/6 genomic DNA, while a product of approximately 165 bp was obtained using M. spretus genomic DNA. The segregation pattern was analysed and linkage assigned using the MBx computer program at the HGMP Resource Centre, UK.
Expression analysis
Whole-mount in situ hybridization using digoxygenin labelled RNA probes generated from Osr1 was performed as described by (Parr et al., 1993) with the modi®cations described in (Knecht et al., 1995) . Embryos were sectioned at 40±50 mm using a vibratome (Leica). Photography was performed using a standard 35 mm camera set-up (Nikon).
